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- [57] ABSTRACT

A thermal spray apparatus for depositing a coating on to a
substrate is provided which includes a plasma generator for
selectively changing gas from a gaseous state to a plasma,
and apparatus for filtering plasma. Powder particles
entrained in the plasma change from a solid state to a molten
state. The apparatus for filtering the plasma permits only a
high intensity region of the plasma to pass through to the
substrate.

3 Claims, 2 Drawing Sheets
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1
THERMAL SPRAY COATING APPARATUS

The invention was made under a U.S. Government
contract and the Government has rights herein.

BACKGROUND OF THE INVENTION

1. Technical Field

This invention applies to thermal spray coating equipment
in general, and to thermal spray coating equipment having a
plasma filter in particular.

2. Background Information

Thermally sprayed coatings may be applied by a variety
of processes including conventional direct current (DC)
plasma torches and radiofrequency (RF) plasma torches.
The plasma generator of a conventional DC plasma torch
generally includes a rod-like cathode located within a bore
in the body portion of the torch which acts as the anode. An
unreactive gas such as argon, an argon/helium mixture, or an
argon/hydrogen mixture passes axially along the rod,
between the rod and the body. The gas is excited into a
plasma when an arc is initiated between the cathodic rod and
the anodic body. The plasma extends a distance beyond the
anode and cathode in what may be described as a plume. The
powder to be sprayed is fed into the plasma, where ideally

all of the powder changes to a molten state prior to being
deposited on a substrate. |

The plasma generator of an RF plasma torch generally
includes a plasma confinement tube surrounded by a mul-
tiple turn induction coil connected to a RF power supply, and
a powder probe extending axially within the confinement
tube. Gas fed into the confinement tube passes through
magnetic fields created by the RF current passing through
the coils of the induction coil. The magnetic fields provide
energy sufficient to change the gas from a gaseous state to
a plasma. The plasma, in turn, provides energy sufficient to
change powder particles introduced into the plasma from a
solid state to a molten state.

One of the most significant differences between conven-

tional DC plasma spraying and RF plasma spraying is the
speed at which the gas and particles pass through and exit
the gun. For example, in “Comparison of Plasma Sprayed
Alumina and Zirconia Coatings by RF and DC Plasma
Spraying” (Proceedings of the 7th National Thermal Spray
- Conference, 20-24 Jun. 1994, ASM International 1994),
Bianchi et al. report that achieved velocities for fused and
crushed Al,O, particles—45+22 pym vary in the following
ranges: 30—60 m/s for RF plasma torches; 150-250 m/s for
conventional DC plasma torches; and 250400 m/s for
HPHYV torches. A person of skill will recognize that particle
velocities depend on a number of variables including par-
ticle composition and size.

RF plasma torches are often employed in thermal coating

applications where relatively slow spray velocities are desir- .

able. Low spray velocities permit the particulate matter to
dwell within the plasma plume longer than is possible using
canventional high velocity plasma spray apparatus. One
significant advantage of a longer dwell time is that larger,
less expensive powder particles can be used; e.g., the
powder particle size distribution for RF plasma spraying is
generally between —-80 and +140 mesh as compared to the
~325 mesh typically used for conventional DC plasma
spraying. Another advantage of the longer dwell time is that
a greater portion of powder particles introduced into the
plasma change to the desirable molten state. In some cases,
the increase in efficiency provided by the lower velocity can
permit lower power settings to be used. A disadvantage of
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using an RF plasma torch, on the other hand, is that the
plasma stream extending out from the gun loses energy to
the relatively cool surrounding environment. The energy
loss causes some molten particles to resolidify prior to
deposition on the substrate. The energy loss problem is
exacerbated when smaller particles are used because of their
tendency to loss energy more readily.

In short, what is needed is an apparatus for plasma

spraying a coating onto a substrate that efficiently deposits

a high quality coating on a substrate.
DISCLOSURE OF THE INVENTION

It is, therefore, an object of the present invention to
provide a thermal spray apparatus for depositing a coating

onto a substrate that helps to decrease contamination within
the deposited coating.

It is a further object of the present invention to provide a
thermal spray apparatus for depositing a coating onto a
substrate that helps to increase the density of the deposited
coating.

According to the present invention, a thermal spray appa-
ratus for depositing a coating onto a substrate is provided
which includes a plasma generator for selectively changing
gas from a gaseous state to a plasma, and means for filtering
plasma. Powder particles entrained in the plasma change
from a solid state to a molten state. The means for filtering
the plasma permits only a high intensity region of the plasma
to pass through to the substrate.

An advantage of the present invention is a decrease in the
amount of contamination present in the deposited coating.
The means for filtering the plasma permits only the high
intensity region of the plasma, which contains the most
dense distribution of molten particles and the highest tem-
peratures to pass through to the sabstrate. As a result, less
solid and only partially melted particles are captured within
the deposited coating.

Another advantage of the present invention is an increase
in the density of the coating being deposited onto the
substrate. Reducing the number of contaminants within the
coating increases the density of the coating which in most
cases gives the coating greater mechanical strength.

These and other objects, features and advantages of the
present invention will become apparent in light of the
detailed description of the best mode embodiment thereof,
as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view of the thermal spray
apparatus including means for preheating the powder par-
ticlies external to the thermal spray apparatus, and a nozzle
attachment.

FIG. 2 is a diagrammatic view of a thermal spray appa-
ratus including means for filtering the plasma. |

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring to FIG. 1, a thermal spray apparatus 10 is shown
having a plasma generator 12 and a powder probe 14
disposed within a coolant housing 16. The apparatus 190 is
attached to a control vessel 18 which contains a substrate 20
to be coated. Depending upon the application, the control
vessel 18 may be evacuated to a pressure lower than
atmospheric. |

The plasma generator 12 includes a confinement tube 22
and a multiple turn inductive coil 24. The inductive coil 24
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is disposed around the confinement tube 22 and is electri-
cally connected to a radiofrequency (RF) power supply 26.
The RF power supply 26 provides an alternating current
having an adjustable frequency and magnitude which creates
high intensity alternating magnetic fields within the confine-

ment tube 22. In FIG. 1, the confinement tube 22 begins at

the top 28 of the coolant housing 16, and includes an
extension 29 which extends a distance into the control vessel
18, ending adjacent the substrate 20. The extension may also
be called a nozzle. In FIG. 2, the confinement tube 22 begins
at the top 28 of the coolant housing 16 and extends just
inside the control vessel 18 before tapering radially outward
and ending. The coolant housing 16 includes a cooling 1nlet
30 and outlet 32, and a plurality of plasma gas ports 34
disposed around the periphery of the powder probe 14. The
plasma gas ports 34 are connected to a plasma gas source
(not shown).

The powder probe 14 is cylindrically shaped and includes

a center bore 36 for the passage of powder particles. The
diameter of the center bore 36 is selected to accommodate
the size of the powder particle being sprayed. In the pre-
ferred embodiment, the powder probe 14 consists of a
ceramic such as alumina. Other insulative materials may be
used alternatively including, but not limited to, refractory
materials. The powder probe 14 is connected to a powder
feeder 38 that can be adjusted to provide powder particles at
a variety of flow rates. In the embodiment shown in FIG. 1,

a heat exchanger 40 is disposed between the powder feeder
38 and the thermal spray apparatus 10.

Referring to FIG. 2, a plasma filter 42 is disposed adjacent
the substrate 20 to be coated. The plasma filter 42 includes
an aperture 44 disposed in a body 4S5. The aperture 44 1s
aligned with the plasma extending out from the thermal
spray apparatus 10. The cross-sectional area and geometry
(circular, elliptical, etc.) of the aperture 44 are chosen to
allow only the high intensity region of the plasma through to
the substrate 20. The high intensity region of the plasma may
be defined as that region of the plasma which contains a
higher average temperature and through which the flow rate
of molten powder particles is greatest. The body 45 extends
out around the aperture 44 sufficiently to prevent the remain-
der of the plasma from accessing the substrate 20. In the
embodiment shown in FIG. 2, the plasma filter 42 is formed
to collect the powder particles not applied.

In the operation of the thermal spray apparatus 10, the RF
power supply 26 provides current which passes through the
inductive coil 24. The current passing through the inductive
coil 24, in turn, generates significant alternating magnetic
fields within the confinement tube 22. Coolant cycled
through the coolant housing 16 via the coolant inlet 30 and
outlet 32 maintains the inductive coil 24 and confinement
tube 22 at acceptable temperatures. A plasma generating gas
that does not react with the powder including, but not limited
to, argon, helium, hydrogen, or mixtures thereof, is injected
into the confinement tube 22 around the periphery of the
powder probe 14 via the plasma gas ports 34. The gas passes
through the annulus between the powder probe 14 and the
confinement tube 22 and is subjected to the magnetic fields
emanating from the inductive coil 24. The alternating mag-
netic fields transfer energy to the gas, causing the gas to
change from a gaseous state to a plasma. Powder particles
and a carrier gas propelling the particles through the powder
probe 14 exit the powder probe 14 and become entrained
within the plasma. The plasma transfers energy to the
powder particles, causing the particles to change from a
solid state to a molten state. The molten particles subse-
quently deposit onto the substrate 20 and collectively form
a coating 48.
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To increase the powder deposition efficiency rate of the
thermal spray apparatus 10, the present invention preheats
the powder particles prior to entrainment within the plasma.
In a first embodiment, the powder probe 14 provides a
means for preheating the powder particles prior to entrain-
ment within the plasma. In a second embodiment, the heat
exchanger 40 disposed between the powder feeder 38 and
the thermal spray apparatus 10 provides a means for pre-
heating the powder particles prior to entrainment within the
plasma. Both embodiments may be used independently or
together for preheating purposes, depending upon the appli-
cation and the plasma generator used.

The thermal environment within the confinement tube 22
is one of extreme temperature after a plasma has been
induced. Powder particles exposed to thermal energy of that
magnitude will completely or partially change state from
solid to molten. A powder probe 14 consisting of a thermally
conductive material such as tungsten can have powder
particles changing state within its center bore 36. Molten
particles within the center bore 36 are undesirable because
they increase the likelihood of clogging within the bore 36.
The powder probe 14 of the present invention, on the other
hand, consists of a thermally insulative material such as
alumina. The insulative material limits the amount of ther-
mal energy passing through the powder probe 14 and into
the powder particles. As a result, the powder particles are
preheated within the powder probe 14, but not enough to
change from solid state to molten state. The amount of
preheating accomplished within the powder probe 14 can be
adjusted by manipulating variables including, but not lim-
ited to: (1) particle dwell time within the powder probe 14,
which can be varied by changing the length of the probe 14
or the speed at which the particles pass through the probe 14;
(2) thermal resistivity of the powder probe 14; and (3) the
geometry of the probe 14, including the wall thickness.

FIG. 1 shows the heat exchanger 40 of the second
embodiment as a resistive coil 50 electrically connected to
an AC power supply 52. Current passing through the resis-
tive coil 50 causes the resistive coil 50 to dissipate thermal
energy which is transferred to the powder particles passing
through the resistive coil 50. Heat exchangers employing
thermal energy from a source other than electrical resistance
may be used alternatively. An advantage of using an external
heat exchanger 40 is that energy can be imparted to the
powder prior to its entering the powder probe 14 and again
while the powder is within the probe 14. This is a significant
advantage for coatings which include one or more materials
with high melting points. Another advantage is that the
thermal input of an external heat exchanger 40 can be readily
tailored, or selectively used for different applications,
thereby increasing the versatility of the thermal spray appa-
ratus 10.

Confining the plasma and the entrained powder within an
extension 29 of the confinement tube increases the dwel
time of the powder in the plasma. As a result, more thermal
energy is delivered to the powder particles. There are
applications, however, where a plasma filter 42 (shown in
FIG. 2) is desirable in place of a confinement tube extension
29. A person of skill will recognize that there are differences
in heat magnitude and distribution of molten particles across
a cross-section of the plasma. Typically, the center region of
the plasma (i.e., the high intensity region) contains the most
dense distribution of molten particles and the highest tem-
peratures. Outside the center region, lower temperatures
increase the percentage of particles which are either com-
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pletely or partially solid and may compromise the mechani- - means for entraining powder particles in said plasma,
cal properties of the coating 48. The plasma filter 42 permits wherein a portion of said powder particles change into
only the center region of the plasma to pass through to the a molten state while entrained within said plasma; and
substrate 20. In addition, the plasma filter 42 is less suscep- a plasma filter, disposed adjacent the substrate, for filter-
tible to clogging than a confinement tube extension 29. 5 ing said powder particles entrained within said plasma;

Although this invention has been shown and described whe::ein plasma and entrained powder particles exiting
with respect to the detailed embodiments thereof, it will be said plasma generator travel between said plasma gen-
understood by those skilled in the art that various changes in erator and said plasma filter, and said plasma filter is
form and detail thereof may be made without departing from sized to permit only a high intensity region of said

plasma and entrained molten powder particles through
to the substrate.
2. A thermal spray apparatus for depositing a coating onto
a substrate according to claim 1, wherein said said plasma
filter comprises a body with an aperture; |

the spirit and the scope of the invention. For example, the 10
best mode discloses that a plasma spray filter and an external
means for preheating powder particles prior to entrainment
within the plasma may be used with an RF plasma generator.

Alternatively, a plasma filter 42 and an external means for wherein said high intensity region of said plasma and

preheating powder par}icles prior to entrainment 'tvitl'ljn_the 15 entrained molten powder particles pass through said
plasma may be used with other plasma generators including, aperture. _

but limited to, conventional DC arc-type apparatus. 3. A thermal spray apparatus for depositing a coating onto

We claim: N | a substrate according to claim 2, wherein said body of said
1. A thermal spray apparatus for depositing a coating onto  plasma filter is formed to collect powder particles not
a substrate, comprising: 20 permitted through said aperture.

a plasma generator, wherein said generator selectively
changes gas from a gaseous state to a plasma; and | * ok ok k¥
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